INTRODUCTION
have been conducted for elucidating the mechanism of AW.
Geese rearing is a vital farming activity in Taiwan, and White Roman geese account for approximately 97.6% of the market share (Wang et al., 1996) . An on-farm investigation revealed a 5% to 50% IAW in a flock (Lee, 2004) . If AW is observed in >30% of the birds in a flock, the entire flock is commercially rejected in Taiwan.
Considering the aforementioned factors, we performed a series of experiments investigating factors such as etiology, stocking density, dietary mycotoxin effects, dietary nutrition concentration, and heredity, which may be associated with IAW in White Roman geese. In this study, we examined the effect of stocking density, which possibly causes, triggers, or prevents IAW, in three genetic lines of White Roman geese.
MATERIALS AND METHODS

Birds and management
All geese were reared and maintained according to the Regulations of Laboratory Animals, Changhua Animal Propagation Station, Livestock Research Institute (CAPS-LRI, 23°51ʹN and 120°33ʹE), Council of Agriculture, Taiwan. Normal lines and AW lines (hereafter, NL and AL, respectively) originating from the same lineage of highbody-weight geese (Lin et al., 2010) were established at CAPS-LRI in 2008 by divergent selection for normal wings (NWs) and AWs, judged by the appearance at 14 weeks of age. Geese obtained from a commercial farm comprised the commercial line (CL).
Day-old goslings were placed in the primary house with a cemented floor after vent sexing and foot band aging. The goslings were moved to the growing house at 3 weeks of age and relocated at 6 weeks to another growing house with a pool.
The geese were fed commercial rations containing 20% crude protein (CP) in addition to 2,900 kcal/kg metabolizable energy (ME) and 15% CP in addition to 2,800 kcal/kg ME (Table 1 ) during 0 to 4 (brooding stage) and 5 to 14 weeks (growing stage) of age, respectively. At 0 to 14 weeks of age, the geese were fed dietary CP according to the concentration recommended by the National Research Council (NRC, 1994) . The dietary ME content fed to the geese in the brooding stage was also in conformance with NRC recommendations (1994) . However, the dietary ME content fed to the geese in the growing stage was lower than that recommended (3,000 kcal/kg) by the NRC, following the commendations of studies pertaining to and conducted under the high ambient temperature and humidity in Taiwan.
The goose house was cleaned two times weekly. Mashed diets and drinking water were provided ad libitum. During 0 to 3 weeks of age, light and heat were supplied all day by using a 60-W incandescent bulb, and the highest and lowest ambient temperatures of the nursery house were 31.2°C±1.62°C and 27.2°C±1.03°C, respectively. Subsequently, the birds were exposed to natural light, and the average ambient temperature was 26.4°C±4.05°C.
Experimental design
Twelve pens were randomly assigned to low, medium, and high stocking density (hereafter, LD, MD, and HD, respectively), and each pen included the genetic lines NL, AL, and CL.
LD, MD, and HD treatments were administered to 24, 32, and 40 geese in a wire-floor pen of area 1.92 m ) from 7 to 14 weeks of age. In total, 384 geese (90, 69, and 225 AL, NL, and CL geese, respectively) were included. Each pen comprised 7 to 8 geese with NWs and 6 to 7 geese with AWs; the rest were CL geese included to balance the number of males and females.
Growth performance
The body weight and weight gain of the geese were measured biweekly and individually. Feed consumption was recorded on a pen basis up to 14 weeks of age, and feed conversion ratios were accordingly calculated.
Severity score and incidence of angel wing
Field observations in Taiwan show that goslings generally start molting feathers at 2 weeks of age, and their primary feathers completely grow by 5 to 6 weeks of age. Furthermore, AW in geese occurs at 6 weeks of age; no AW occurs after 13 to 14 weeks of age.
Therefore, the severity score of AW (SSAW) and IAW of geese were recorded biweekly and individually at 6 to 14 weeks of age. A wing was judged to be AW if the end of the primary feather did not closely and smoothly fit into its body. AWs were visually categorized as slight, medium, and severe according to the degree of projection of the primary feathers away from the body ([<30°, 30° to 60°, and >60° and Figures 1b to 1d ], respectively). The slight, medium, and severe AWs were scored 1, 2, and 3, respectively, and the sum score of a pair of wings, ranging from 0 to 6, was defined as the SSAW of a goose. A score of 0 indicated NW ( Figure 1a ) and 6 indicated severe AW in both wings ( Figure 1d ). The IAW of a flock was defined as the proportion of geese with AW.
Statistical analyses
Growth performance and SSAW were statistically analyzed using the general linear model procedure of SAS (2004), and the mean AW and NW of geese were compared by using the LSMEANS statement. The significances of IAW among the three stocking densities and genetic lines were tested using the chi-square test and the frequency procedure of SAS.
RESULTS
Growth performance
The effects of stocking density and genetic lines on body weight and weight gain are shown in Table 2 . The body weight of geese subjected to LD was higher because of the weight gain at 4 weeks of age. By contrast, body weight gain was higher for AL and NL geese at 6 weeks of age, resulting in higher body weights than that of CL geese at ≥8 weeks of age. No significant interaction effects of stocking densities with genetic lines were observed on body weight gain.
The average feed consumption for the three stocking densities are detailed in Table 3 . Geese subjected to HD had less feed consumption at ≤8 weeks of age. However, no significant differences were observed in the feed conversion ratio among the three stocking densities during the growth stage.
Severity score of angel wing and incidence of angel wing
The effects of stocking density and genetic line on SSAW and IAW in White Roman geese during 6 to 14 weeks of age are shown in Table 4 . Geese subjected to LD reported a lower IAW at 6 weeks of age; however, no significant differences were observed in SSAW and IAW among the three stocking densities from 8 to 14 weeks of age. Compared with CL and NL, AL, a line genetically selected for a high IAW, had a higher SSAW and IAW at ≥8 weeks of age (p<0.001). In AL, NL, and CL, IAW, and SSAW, measured at 14 weeks of age when AWs were morphologically visible, were 69.5%, 32.5%, and 32.6% and 2.54, 0.98, and 0.90, respectively. The stocking density and genetic lines revealed no significant interaction effects on SSAW and IAW. Kear (1973) reported that IAW in wild geese is affected by several factors, including; lack of exercise, large flock size, improper feeding, rearing under heat stress because of high ambient temperatures, feeling frightened frequently, and improper management.
DISCUSSION
Among all unfavorable factors, HD is observed most frequently. Commercial farms usually rear as many birds as possible in as little space as possible to reduce the fixed production cost. The amount of space that sustains favorable productivity is not necessarily sufficient for the exercise necessary for a normally developing wing and muscle strengthening. Stocking density may cause stressful social and physical environments, subsequently triggering IAW in geese and other birds. In Taiwan, a common practice is to rear 500 goslings in a 36 m 2 pen during the brooding stage (13.9 birds/m 2 ), gradually increasing the space to 1.2-1.5 birds/m 2 as the geese grow. The stocking density in this experiment was 12.5 to 20.8, 1.8 to 3.0, and 1.2 to 1.8 birds/m 2 for 0 to 3, 4 to 6, and 7 to 14-week-old birds, respectively.
The stocking density implemented in this study for geese from hatching to 3 weeks of age appeared to be ineffective, and the outcomes deteriorated with increasing stocking density. Furthermore, the body weight gain by 4 weeks of age (Table 2) was mostly attributable to the restriction of feed consumption by HD (Table 3 ). The effect of stocking density on IAW was not as clear as it was on body weight gain; however, LD significantly reduced IAW (Table 4 ). The effect of LD and that of the average of MD and HD on IAW at 6 weeks of age was non-significant (15.4% vs 25.3%; x 2 = 3.53, df = 2, p>0.10). By contrast, compared with the average of MD and HD, LD significantly influenced NL (4.17% vs 25.8%, x 2 = 5.57, df = 2, p<0.10). In this study, NL more sensitively responded to the stocking density than did AL, which probably required more space for avoiding AW. These results suggest that the stocking density required for triggering IAW varies among genetic lines. Additional related studies are required for elucidating the cause-effect of AW and stocking density.
No significant difference was observed in SSAW and IAW among the three stocking densities at 6 weeks of age (Table 4 ), suggesting that the HD applied in this study presented a satisfactory growth performance but not sufficient space for avoiding IAW. In rapidly growing poultry, bone development and maturity cannot keep pace with the overall growth, generating excess physical load and predisposing bones to deformity and fragility (Rath et al., 2000) . Furthermore, the extremely high IAW observed in the LD group after 8 weeks of age suggests that geese require more space than was provided for exercising and stretching wings for normal growth and healthy wings.
According to our review of relevant literature, the genetics of AW in geese was first reported by Francis et al. (1967) . They observed AW in 53% of White Chinese goslings with AW parents, thus indicating that IAW in geese is attributable to polygenic determinism. Moreover, Lin et al. (2012) reported that the SSAW and IAW of White Roman goslings with AW at 8 weeks of age were 1.45% and 48.6%, respectively, whereas those of commercial White Roman goslings at the same age were 0.40% and 14.8%, respectively. These results revealed that parental and genetic factors play a substantial role in IAW and SSAW. Therefore, we conducted a divergent genetic selection for A Lin White Roman geese in Taiwan; the results will be published separately.
In this study, the SSAW and IAW results revealed that AW was more severe in AL than in NL. However, the IAW was higher in NL than in CL, implying that genetic selection effectively increases IAW and improves the production efficiency of domestic geese. The results also imply that natural selection is crucial in decreasing IAW.
The findings of IAW in White Roman geese revealed that only a few geese with slight AW of one wing or both wings during 6 to 12 weeks of age returned to NW during 10 to 14 weeks of age (data not shown), possibly because the primary wings grow completely during 6 to 12 weeks of age, whereas the secondary wings grow incompletely at the same time. Therefore, wings with a slight appearance of AW are misjudged as temporarily unfolded wings, leading to an error in observation. Moreover, Pitman et al. (2012) reported that the AW of masked boobies returned to NW at the fledging age. In this study, a few geese were observed with slight AW at 8 weeks of age, which resumed to NW at 10 weeks of age. Therefore, AW was more frequently observed in geese at 8 weeks than at 10 weeks of age, suggesting that the IAW and SSAW of a flock vary at different ages.
An optimal stocking density positively promotes animal health and performance. The effects of stocking density on feed consumption, feed conversion ratio, and carcass characteristics have been comprehensively investigated in various poultry species (Cain et al., 1984; Shanawany, 1988; Şengület al., 2000; Chang et al., 2010) . Moreover, White Italian geese under HD exhibited a lower growth performance than did those under LD (4 geese/m 2 vs 2 to 3 geese/m 2 ; Kaszynsko et al., 1986) . Chang et al. (2010) revealed that the body weight under LD (0.8 geese/m 2 ) was higher than that under HD (1.6 geese/m 2 ) during winter; a similar association between body weight and three stocking densities was observed in the present study.
Growth performance in terms of feed intake, body weight gain, and body weight uniformity reduces when geese are subjected to HD or crowded conditions. Therefore, after examining only the body weight, feed consumption, and feed conversion rate under high and low temperatures, Chang et al. (2010) suggested that geese be housed and reared under a stocking density of 1.2 geese/m 2 on a slat floor. To avoid IAW and for the welfare of geese, a stocking density of <1.2 geese/m 2 is recommended, although the exact optimal space for rearing a goose has not been determined yet, thus necessitating future studies.
CONCLUSION
To improve production efficiency and reduce production cost, geese with a high body weight and a fast growth rate have been selected and subjected to limited space or a crowded environment. These factors may increase the risk of AW. This study showed that the stocking density applied in commercial goose farming and in our experiments did not completely avoid IAW, although a satisfactory growth performance was observed. Additional studies are required to elucidate the optimal stocking density for reducing IAW to an acceptable level in commercial goose farming.
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